Abstract: Ulceration is an important prognostic factor for patients with melanoma and also a predictive marker for the response of adjuvant immunestimulating therapy. A consensual definition and accurate assessment of ulceration is therefore crucial for proper staging and clinical management, but can be difficult even between experienced pathologists. The definition of ulceration is stated differently in the available literature but is generally understood as loss of epidermal matrix. Thinning of the epidermis, also termed consumption of the epidermis (COE), is associated with ulcerated lesions and correlates with enhanced tumor cell proliferation in nonulcerated melanoma. These results suggest that COE may be a proliferative precursor of ulceration, characterized by erosive growth into the epidermal layer (infiltrative type) or expansive growth that may stretch and eventually disrupt the epidermis (attenuative type), which is reflected in the histopathology. We have no means to determine the dynamic changes of human ulcerated melanoma or to determine whether these wounds have re-epithelialization (RE) potential. However, the presence of reactive hyperplasia (REH) and changes indicating RE associates with increased density of neutrophils and may herald resolved or late-stage ulcerations. Combining the extent of ulceration (> or <70% of the total tumor length) and the presence of 
Introduction
Patients with ulcerated melanoma form a subgroup with shorter disease-free and overall survival than patients with nonulcerated melanoma (1, 2) . The presence of ulceration upstages patients with localized melanoma by both subcategories and stages and is included as an independent prognostic factor defining the T-stage in the American Joint Committee of Cancer' s melanoma staging criteria (1, 2) . Patients with ulceration form a subgroup whose survival is significantly improved when they are treated with adjuvant immunotherapy (3, 4) compared with observation alone. Accurate assessment of ulceration is therefore crucial for proper staging and clinical management but can be difficult even for experienced pathologists. There is currently no evidence-based definition of ulceration and no consensus in the published literature. The American Joint Committee on Cancer (AJCC) has defined ulceration as the absence of an intact epidermis overlying a major portion of the primary melanoma based on microscopic examination of the histologic sections (5) . Other studies have defined ulceration as full-thickness loss of epidermis associated with a host reaction (infiltration of neutrophils and/or fibrin deposition) (6) . Interestingly, a former study showed that the interobserver reproducibility increased by defining ulceration as full-thickness epidermal defect (including absence of stratum corneum and basement membrane), with evidence of a host response (i.e., fibrin deposition, neutrophils) and thinning, effacement, or reactive hyperplasia (REH) of the surrounding epidermis (7) .
In this chapter, ulceration is defined as full-thickness loss of epidermis overlying melanoma tissue, in which epidermal loss was associated with a host reaction (infiltration of neutrophils and/or fibrin deposition) (8) . Characteristics of the surrounding epidermis were coded and analyzed separately, aimed at a better understanding of the biology and impact of these changes, allowing better stratification of ulcerated melanoma.
Consumption of the Epidermis:A Possible Precursor of Ulceration That Associates with Increased Tumor Cell Proliferation
Cleft formation (CF, gap formation in the dermal/epidermal junction) and consumption of epidermis (COE, general thinning of the epidermis) are interesting phenomena as they may indicate early structural changes and be possible precursors of ulceration. CF correlates with an increased Breslow thickness and to the presence of ulceration (8) . However, either the presence, type, or the extent of CF had prognostic impact (8) . The visualized CF could be due to several factors: artifacts, increased proliferation and thereby erosion of hemi-desmosomes, or cell-cell adhesion loss. Nineteen percent of the tumors displaying CF are sealed with CD34-positive endothelial cells in the dermal/epidermal junction (9) . This indicates that the presence of CF could also be due to blocked and dilated vessels of the superficial plexus. In 72% of the tumors, CF associates with infiltrative epidermal growth of melanoma cells and focal thinning of the overlying epidermis, which may be a possible precursor of focal ulceration (9) .
COE has been defined as thinning of the epidermis-attenuation of basal and suprabasal layers and loss of the normal rete-ridge configuration in areas overlying melanoma tissue (10)-and its presence is reported in between 37 and 86% of all melanomas (8, (10) (11) (12) (Figure 1 ). COE can be detected in thin melanomas, but its likelihood rises with increasing Breslow thickness, and only 18% of thin melanomas (<1 mm) and 46% of the thicker melanomas (2-4 mm) had COE (8) .
There was a strong correlation between COE and ulceration, with 25% of nonulcerated melanomas and 52% of the ulcerated tumors showing presence of COE (8) . These figures are in line with those reported in other studies (11, 13) . Consumption was first defined and introduced as an important factor for differentiating melanomas from Spitz nevi (10), whereas Walters et al. showed a correlation between COE and ulceration (11) . In this latter study, COE was frequently found at the edges of ulcerated areas and it was thought of as an early step in the progression toward ulceration (8) .
The biology behind COE is not clear, but theoretically thinning of the epidermis may be tumor cells proliferating into the epidermis (infiltrative type) or expansive growth that stretches the epidermis thin (attenuative type) (8, 14) (Figure 2 ). Supporting these hypothesis, tumors with COE displayed 37% increased tumor cell proliferation compared with tumors of normal epidermal configuration (9), when only the nonulcerated melanomas are analyzed. COE was associated with increased Breslow thickness, nodular melanoma, and age over 50 years, but after adjusting for these factors the proliferative index in tumors with COE was still significantly increased (9) . It is therefore suggested that COE is a proliferative precursor of ulceration, in which increased proliferation may either erode or stretch the epidermis thin and finally ulcerate it (14) . There was no increased inflammatory response (cd163+ macrophages or cd66b+ neutrophils) associated with COE, supporting a noninflammatory drive of proliferation (9) . In contrast with this possible erosion of epidermis, total loss of epidermis and an ulcer are associated with a robust inflammation response (15) , with a vital reaction with neutrophils or fibrin being suggested as important in the definition of ulceration.
Melanomas with Re-Epithelialization and Reactive Epidermal Hyperplasia May Herald Late-Stage or Resolved Ulcerations
The presence of a thin epidermis under or at the edges of a scab can be seen as a possible instance of re-epithelialization (RE), and enlargement of epidermis or elongated rete-ridges as reactive epidermal hyperplasia (8) (Figure 1 ). These phenomena are described phases during wound healing, seen subsequent to ulceration and wounding (16) . A vital reaction with neutrophils and/or fibrin and the presence of epidermal changes may therefore be important characteristics distinguishing tumor-induced ulceration from traumatic disruption of epidermis, related to the surgical or preparation procedure. Scratching as a traumatic ulceration may be impossible to distinguish from tumor-induced ulceration though, as these lesions would present a vital reaction of the underlying melanoma tissue, with unknown biological and prognostic impact. There is no means to determine the dynamic changes of human ulcerated melanoma or whether these wounds possess the ability of RE. However, the presence of REH and changes indicating RE has been found associated with ulceration and observed in 13% of melanoma (8) . In addition, the density of cd66b+ neutrophils was increased by 18% in tumors presenting RE and reactive epidermal hyperplasia compared with tumors with no evidence of the described characteristics (9) . It therefore seems reasonable to suggest that these melanomas may possess prolonged, late-stage, or resolved ulcerations.
Ulceration Is a Heterogeneous Phenomenon of Which Both the Type and Extent Matters
Studies have found that the extent of ulceration seemed to stratify prognosis more accurately than the mere presence or absence of ulceration (6, (17) (18) (19) . In a recent study of localized melanoma, Hout et al. subdivided ulcerated melanoma into excessive (>5 mm or >70%) or minimal/moderate ulcerations (<5 mm or <70%). This provided additional prognostic information, and showed that excessive ulceration had a significantly negative effect on melanoma-specific survival (6) . In line with this, a detailed analysis of ulcerated melanomas in 179 patients compared with 207 patients with nonulcerated melanomas found that excessive ulceration, measured as percentage of the total tumor length (>70%), was an independent predictor of poor survival compared with minimal/moderate ulceration (<70%) (8) .
While the prognostic impact of the extent of ulceration is supported by the literature, the prognostic impact of the type of ulceration is less clear. Two different types of ulceration have been described; an infiltrative type in which infiltrative growth erodes the epidermal layer or an attenuative type, defined as expansive growth, that stretches and eventually disrupts the epidermal layer (14) (Figure 2 ). One study reported that an attenuative type of ulceration is an independent predictor of poor melanoma-specific survival as compared with both an infiltrative type and nonulcerated lesions (8) . The histological type (superficial spreading vs. nodular) was found to have no independent prognostic value; however, it correlated significantly with the type of ulceration (8) . After adjustment of the histological type, an attenuative type of ulceration retained its independent significance (8). Combining the described pattern of ulceration with the presence of COE, an attenuative type of consumption demonstrated independent prognostic value, in line with the prognostic impact of the attenuative type of ulceration (8) . Fair to good interobserver reproducibility of the type of ulceration is reported; however, in a clinical setting, this marker might be difficult to implicate (8) . Distinction between the different patterns of epidermal infiltration is interesting, though, as it may reflect important differences in the biological nature or tumor microenvironments. Infiltrative ulceration has been characterized by increased and erosive growth into the epidermal layer, which may disrupt cellular adhesion (14, 20) . This is in contrast to melanomas with an attenuative type of ulceration which show minimal epidermal erosion; however, expansive growth of melanomas may stretch and eventually disrupt the epidermis (14, 20) . Cramer et al. suggest that intraepidermal growth and erosion may be a marker of more mature melanoma cells as opposed to more immature and dermal oriented melanoma cells (21) .
The Extent of Ulceration and Changes of the Surrounding Epidermis Have a Prognostic Impact
AJCC has defined ulceration as the absence of an intact epidermis overlying a major portion of the primary melanoma based on microscopic examination of the histologic sections (1, 5) . However, by including full-thickness epidermal loss, with evidence of a host response and thinning, effacement, or REH of the surrounding epidermis into the definition of ulceration the interobserver reproducibility increased (6). The described association between the biological markers (proliferation and inflammation) and the prognostic impact of the histopathological changes further supports the relevance of including epidermal changes into the definition.
Combining the presence of epidermal involvement (COE, RE, or reactive epidermal hyperplasia) and the extent of ulceration, patients with a normal epidermis and patients with minimal/moderate ulceration without epidermal involvement have equivalent 5-year survival rates, while patients with minimal/ moderate ulceration with epidermal involvement and patients with excessive ulcerations, both of which are independent prognostic factors, have significantly poorer survival in multivariate analysis (8) (Figure 3 ). The extent of ulceration and involvement of the surrounding epidermis (COE, RE, and reactive epidermal hyperplasia) is therefore suggested as a useful marker allowing better stratification of ulcerated melanoma. In conclusion, a consensual definition of ulceration is pivotal for proper staging, and clinical management and ulceration is defined as full-thickness loss of epidermal matrix, with evidence of an underlying host reaction (infiltration of neutrophils) and thinning (COE), effacement (RE), or REH of the surrounding epidermis.
Conclusion
Ulceration is an important prognostic factor for patients with melanoma and interestingly also a predictive marker for the response of adjuvant immune-stimulating therapy. A consensual definition and accurate assessment of ulceration is therefore crucial for proper staging and clinical management. COE, defined as thinning of epidermis, involving >2/3 of the epidermis correlated with increased levels of tumor cell proliferation (Ki67/MelanA) compared with tumors demonstrating normal epidermal configuration and is suggested as a proliferative precursor of ulceration. We have no means to determine the dynamic changes of human ulcerated melanoma or to determine whether these wounds have a RE potential. However, the presence of reactive hyperplasia, and changes indicating re-epithelialization, associated significantly with increased density of cd66b+ neutrophils when compared with tumours that have no evidence of these changes; this may indicate prolonged, late-stage or resolved ulcerations. An attenuative type of epidermal involvement thought of as expansive growth that stretches the epidermis thin and eventually causes disruption was independently linked with poor melanomaspecific survival, in contrast to an infiltrative type that may erode the epidermis thin and leave it ulcerated. The type of ulceration may have an interesting biological explanation but is more difficult to implement in a clinical setting. The extent of ulceration (including >70% of the tumor length) and involvement of the surrounding epidermis (COE, reactive epidermal hyperplasia, and RE) provided more accurate prognostic information than the mere absence or presence and is suggested to be useful markers allowing better stratification of ulcerated lesions.
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